The effect of incubation period and the presence of organic membrane on eggshell activity toward elastomers (NBR, NR and SBR) has been investigated. After hatching eggshell (AHES) showed enhanced mechanical properties when compared to before hatching eggshell (BHES) and calcium carbonate. Compounds containing BHES powder also showed good mechanical properties. Both types of eggshells reduced optimum curing time of the compounds. This trend was more considerable in NBR compound. The improvement of mechanical properties of the compounds attributed to elemental composition and higher specific area of AHES. The results of this study showed both before hatching and after hatching eggshell can be used in elastomeric compound as a bio-filler.
Introduction
Environmental issues, cost reduction and improvement of some properties have caused using wastes materials in polymeric products. Until now, some of these wastes such as leather wastes, rice husk, baggas, and peanut shell flour have been used in polymeric materials [1] [2] [3] [4] . In the most cases, using these materials without compatibilizers and coupling agents has not led to enhanced physical and mechanical properties. Eggshell is an ordered bioceramic composite. To our knowledge only a few studies have been done on using eggshell powder as a filler in polymeric matrices. Before, eggshell wastes have been used in polypropylene (PP) and polyvinyl chloride (PVC) matrices [1, 2] .
Eggshell wastes are one of the biggest environmental problems. These waste materials usually get discharged to dump sites, spread on fields as lime fertilizer or serve as a calcium source for laying rations. Ingress of these wastes into environment leads to closing of dump sites, generation of odor, and pollute surrounding plants and can cause risk to public health and contamination of water resources [5] .
Incorporation of these wastes in PP matrix led to an improvement in Young's modulus compared with various grades of calcium carbonate. Also it was found that the mechanical properties of this filler would be competitive with talc filler. Moreover in PVC matrix, the incorporation of eggshell caused enhanced tear strength, tensile strength and elongation at break.
It is important to mention that the modulus of eggshell is lower than the average published values for limestone and marble whereas both of them have similar composition [6] .
Improvement of mechanical properties in PP composites has been attributed to a better eggshell/matrix interaction via the geometric ratio of the eggshell by Toro et al.
[1]. Zurale et al. [2] explained their results in PVC matrix according to fibrous and protein nature of eggshell.
In all previous studies on using eggshell in polymeric compounds, eggshell membrane has been removed. It is known that ingress of eggshell membrane into environment causes attraction of rats and worms, resulting in a problem to public health.
It seems that application of this part of eggshell with other parts of eggshell in polymeric matrices could lead toward lower environmental problem and may be some better properties. Yi et al. [7] have blended soluble membrane of eggshell with poly(vinyl alcohol) to produce a biocompatible film with pretty good mechanical properties. Up to now, a lot of efforts have been done to know the microstructure and elemental composition of eggshell. Researchers have used different techniques to recognize eggshell's structure. The structure of eggshell is well described in Solomon's book "egg and eggshell quality" (1991 It has been found that there are some other elements in eggshell structure. Calcium, magnesium and sodium are major inorganic constituents of the avian eggshell [8] .
Organic part (eggshell membrane) chiefly consists of type I, V and X collagen [9, 10] . This part is composed of these proteins with carbohydrates and disulfide groups [11] . Furthermore, organic membrane has a fibrillar nature.
Eggshell consists of different layers: From the innermost layer, protein membrane (~70μm), mammillary layer (~100μm), palisade layer (~200μm), vertical crystal (~8μm) and cuticle (~10μm) [6, 12] . These layers are shown in Figure 1 . During incubation period major changes occurs in eggshell thickness, structure and chemical composition. Abdel-salam et al. [8] have worked on alteration of composition of calcium, magnesium and sodium in before and after hatching eggshell. They demonstrated that magnesium decreases around 60% and sodium decreases around 30% after hatching. They attributed these changes to consumption of these elements by embryo. It has been also demonstrated that calcium amount, increases more than 90%. They attributed it to depletion of the mammillary layer during the incubation period and considerable decrease in shell thickness and increase in calcium percentage throughout the thickness compared to before hatching.
Consumption of mamillary layer by embryo changes the shape of this layer. Duphin et al. [11] have investigated this alteration in giant avian eggshells using SEM technique. Before and after hatching eggshell are compared in Figure 2 . This figure shows that specific area of mammillary layer should be increased during incubation period.
Fig. 2.
SEM images of mammillary layer (e) before hatching and (f) after hatching eggshell [11] .
Therefore, it appears that the properties of compounds including these fillers could be different. In this study, the effect of incubation period and presence of protein membrane on vulcanization and mechanical properties of elastomeric compounds has been studied and these fillers have been used in polar (Acrylonitrile Butadiene Rubber) and non-polar (Styrene Butadiene Rubber and Natural Rubber) elastomers. This investigation could be a novel work in elastomer industries.
Results and discussion

Vulcanization Characteristics
For the sake of using eggshell membrane in elastomeric compounds, it must be confirmed that this part of eggshell does not degrade at curing temperature. Feng et al. [13] have investigated thermal properties of eggshell membrane. Thermogravimetric analysis graph of protein membrane is shown in Figure 3 . It can be seen that at 160 ºC eggshell membrane does not degrade, so we can use it in elastomeric compounds safely. Table 1 shows the results obtained by rheometry of the compounds. Generally, it must be mentioned that incorporation of eggshell as a filler in elastomeric compounds has led to relative decrease in optimum curing time.
The effect of this filler in polar NBR rubber is very salient. Using eggshell in NBR matrix has caused considerable decrease in curing time and relative increase in maximum and minimum torque differences. Fig. 3 . Thermogravimetric analysis of eggshell membrane(ESM) and soluble eggshell membrane (SEP) [13] .
Incorporation of eggshell in NR and SBR compounds led to slight decrease in maximum and minimum torque differences. There is no definitive reason for this discrepancy between different elastomers at this time, but it seems that polar nature of NBR elastomer has a major effect on this behavior. This matter is under investigation. This results shows that organic and inorganic parts of eggshell participates in curing process and participation of these elements leads to considerable change in curing rate and crosslink density. Alteration of crosslinks type is possible too. It is expected that organic part (mainly amino acids) plays a major role in this behavior. Determination of this expression needs some supplementary examinations. 
Tab
Mechanical properties
Mechanical properties of elastomeric compounds are shown in Table 2 and Figures  4-6 . How it can be seen from Figure 4 and As it can be seen from Figure 1 , every layer of eggshell has a different shape. Although triturating of eggshell alleviates filler heterogeneity, eggshell is more heterogeneous than calcium carbonate and this heterogeneity can prevent natural rubber strain-induced crystallization.
The results of using BHES filler shows using before hatching eggshell has positive effect on tensile strength in NBR and SBR compounds. Although tensile strength in NR compound has been decreased, at 100, 200, 300% elongation modulus has been increased in AHES filler. Reduction in elongation at break with improvement of tensile strength would not be unaccustomed. As it is shown in Figure 5 , despite considerable increase in tensile strength of SBR compound by using AHES powder, there is no reduction in elongation at break.
The results of tear properties of the compounds are in Figure 6 . These results are approximately similar to tensile properties and can be justified according to filler specific area and matrix/filler compatibility.
Resilience of all compounds has been increased slightly ( Figure 7 ). This increase is more remarkable in NBR compound. According to results obtained from rheometry measurements and considerable effect of eggshell powder on NBR curing behavior, alteration of crosslinks type is possible. Mohd Ishak et al. [14] have reported the effect of crosslinks type on flexibility of elastomeric network. Some other reasons such as more compatibility between matrix/filler and less points of slippage between the filler and the matrix and alteration of crosslink density are feasible too. The confirmation of this matter requires more investigation.
Employing eggshell in elastomeric compounds had no considerable effect on hardness, but in SBR compound increase in hardness is more considerable.
Densities of all compounds by using these bio-filler are relatively smaller than compounds containing calcium carbonate. These results can be justifiable according to lower densities of bio-fillers compared to calcium carbonate.
Conclusions
According to results obtained in this work, after hatching eggshell showed better mechanical properties compared to before hatching eggshell. Fortunately, AHES is more available waste material. According to SEM studies and the period of incubation which was well studied in the literature, higher specific area of after hatching eggshell was expected. This study showed that mechanical properties of eggshell containing compounds in presence of its membrane are good enough. Mechanical properties of eggshell containing compound were improved mostly. Enhancement of some mechanical properties could be explained according to higher specific area. However, some observed results cannot be explained at this time.
Results of rheometric tests showed that optimum curing time of all compounds decreased. This behavior was attributed to incorporation of organic and inorganic parts of fillers in curing process. As a result it should be mentioned that both types of eggshells can be used in elastomeric compounds to improve mechanical properties and reduce environmental pollutions.
Experimental part
Materials
In this study, SMR20 with mooney viscosity 65 (ML1+4,100) obtained from The AH YAU Rubber Factory (Malaysia), SBR 1502 with mooney viscosity 53 (ML1+4,100) and 23.5% styrene obtained from Bandare Imam petrochemical Co (Iran) and NBR KNB35L with mooney viscosity 41(ML1+4,100) obtained from Kumho petrochemical Ltd. Co (Korea) were used. Sulfur, paraffin, stearic acid, ZnO and TMTD were obtained from Iranian suppliers and MBTS obtained from Meyors Chemical Ltd. Co. After hatching and before hatching avian eggshells were obtained from local companies. In order to prepare fine and approximately same sizes powders, this procedure was followed: 1) eggshell was washed and dried. 2) Triturated by using Denver ball mill for 75 min. 3) dried at 80 ºC over night.
Calcium Carbonate which used in this study obtained from OMYA PARS Co. Average sizes and particle size distributions are shown in Figure 8 and Table 3 . Figure 3- 
Preparation and characterizations of compounds
Formulations of prepared compounds are shown in Table 4 . A laboratory two roll mill was used for mixing. Two and six mm sheets were prepared by using a hydraulic press at 160 ºC and 70 bar according to results obtained from rheometric test.
Strength properties of the compounds were measured according to ASTM D1412 by using 20kN Zwick apparatus. Elongation at break and tensile strength of the compounds were measured. Hardness values of the compounds were measured by applying a Zwick hardness tester according to ASTM D2240 and density of them were measured by using Wallace density meter which works according to Archimedes rule. Also resilience of the vulcanized compounds was evaluated by using Zwick apparatus according to DIN 53512 and tear strength of the compounds measured according to ASTM D624. 
